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of quenching which, on account of its general applicability, deserves a detailed description.
In hardening any form of toothed tool, so that the BROKEN hardening effect barely penetrates to the root of the HARDEN" teeth, we not only prolong the life of the tool, but also minimize the danger of water cracks. The operation known, as " broken hardening " consists in quenching the tool in water until the colour has disappeared from the surface, and then allowing it to stand quietly in oil until it is cold. The heat still remaining in the centre of the tool keeps it soft and penetrates gradually towards the edges of the teeth, but it can at most only slightly temper them up to the heat of the surrounding oil. Tools may be safely hardened in this manner which by quenching outright would frequently crack. Working continuously on the same kind of tool, the operator quickly learns just how long it is best to cool in water, so that after oiling no subsequent tempering is required. A similar result can be attained in the hardening of reamers, taps, etc., by heating them in a lead or salt bath until the teeth only are red, and then quenching, but the results are not so reliable. It is, of course, much easier to correct warping in tools which are left with the core soft.
Milling cutters should also be quenched, first in water MILLING until the teeth lose their colour, and then in oil.    Sharp CUTTERS angles in keyways and at the root of the teeth should ROLLS. be avoided for reasons stated on p. 104.    If teeth break off at all they generally do so along half-moon cracks, and either because they have been overheated or badly quenched, or both.    Very large cutters may be handled like steel rolls.    The following description of the hardening of a steel roll is taken verbatim from Thallner's book.
" The danger of cracking from the interior has been reduced in the construction of the roll by boring it out. The entire, surf ace of the roll a-a, 6-6, Fig. 62, is to be hard, while the journals, z-z, are to remain as soft and tough as possible.
" Previous to heating, the journals, z-z, are given a coat of loam, or clay, which, to make it more binding,ny, smithing is required.hl und Eisen, 1896, p. 900., to show that in this respect the co-operation of the user, however familiar he may be with " tempers," and the maker of the steel is highly desirable. Hossible for machining pur-            y
